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Abstract 

In this article, we show that a four-dimensional Kerr-Newman-AdS-dS black 
hole could be described by two different holographic two-dimensional conformal 
field theories. The first description, in view of the angular momentum, has 
been well discussed in [23]. The other alternative dual picture, however, is 
somehow overlooked. This new description, in view of the charge, provides 
another holographic correspondence. This picture again is supported not only 
by the match of the macroscopic entropy with the counting of microscopic 
degrees of freedom via the Cardy formula and also by the agreement on the 
real-time correlator in the superradiant scattering. 
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1 Introduction 



It is a remarkable fact that an asymptotically flat four dimensional Kerr black hole 
could be described holographically by a two-dimensional conformal field theory (CFT). 
The Kerr/CFT correspondence was first proposed for the extremal Kerr black hole 
by studying the asymptotic symmetry group of its near horizon geometry [U EJ [3]. 
This correspondence was firstly supported by the match of the microscopic entropy 
counting with the macroscopic Bekenstein-Hawking entropy, and moreover supported 
by the agreement of the superradiant scattering amplitudes with the dual CFT pre- 
diction jH |5j EJ [7J |8] . Furthermore, the Kerr/CFT correspondence was generalized to 
a generic non-extremal Kerr black hole by the study of the hidden conformal sym- 
metry acting on the solution space [9J. It was found that in the low-frequency limit 
the radial equation of the scalar scattering off a Kerr black hole could be written in 
terms of SL(2, R) quadratic Casimir. Though the hidden conformal symmetry can 
not generate new solutions, it really determines the scattering amplitudes. Both the 
entropy counting and the low frequency amplitudes again support the holographic 
picture. 

Inspired by the Kerr/CFT correspondence, the holographic descriptions of other 
kinds of black holes have been investigated [10J CLE]- Among them, the holographic 
description of the Reissner-Nordstrom (RN) charged black hole is of particular inter- 
est. For the extremal RN black hole, the charge gives the radius of the AdS space 
appearing in the near horizon geometry, and therefore is expected to determine the 
central charge of the dual CFT [121 D21 HU US UHl HZ] - However, unlike the Kerr case, 
the AdSs information in RN black hole is not completely encoded in the geometry, 
but also in the gauge potential, therefore it is subtle to compute the central charge of 
the dual CFT [JS]. The Kerr/CFT and RN/CFT correspondences naturally suggest 
that for the four- dimensional Kerr-Newman black hole there should exist two dis- 
tinct hidden conformal symmetries associated with twofold holographic descriptions, 
called J-picture and Q-picture respectively [18]. This is reminiscent of the multi-fold 
descriptions of higher- dimensional extremal Kerr black holes which have multiple 
independent angular momenta [T9 l [20 1 12~T]- 

On the other hand, the investigation of holographic pictures of the Kerr black holes 
in AdS or dS spacetime is also remarkable. In this case, the function determining the 
horizon is quartic rather than quadratic for asymptotically flat black hole and this 
fact causes the search for the hidden conformal symmetry be more tricky. Different 
from the Kerr case in which one can move away from the horizon and work with 
the "near" region, one has to focus strictly on the near horizon region to find the 
hidden conformal symmetry. This is in accordance with the universal behavior of the 
black hole. In [23], a holographic picture, in view point of angular momentum, of the 
Kerr(-Newman)-AdS-dS black hole has been proposed. Both the Bekenstein-Hawking 
entropy and the superradiant scattering amplitudes are in good agreement with the 
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CFT prediction. 

It is a natural expectation that there should be a Q-picture description dual to 
a Kerr-Newman-AdS-dS black hole. In this article, we will explore this picture in 
more details. In the next section, we discuss the hidden conformal symmetry in 
holographic Q-picture. Similar to the treatment in [23], we need to focus on the near- 
horizon region. After turning off the angular mode of the probe scalar field, we find 
that the radial equation could be rewritten in terms of SL(2, R) quadratic Casimir, 
indicating the existence of a hidden conformal symmetry. As a result, we read out 
the temperatures of dual CFT. In section 3, we present the microscopic description 
in Q-picture. The key theme is to find the central charges of the dual CFT. As in 
the other cases, we first consider the central charges of the near-extremal black holes 
and expect the same expression holds even for generic black holes. In the Q-picture, 
another subtle point is that we have to uplift the 4D black hole to 5D in order to read 
the central charges. It turns out that the central charges and temperatures include 
a free parameter. Furthermore we discuss the thermodynamics of the black hole and 
calculate the superradiant scattering amplitude, which is in perfect agreement with 
the CFT prediction. We end with some discussions in section 4. 



2 Hidden conformal symmetry in Q-picture 

For a four- dimensional Kerr-Newman-AdS-dS black hole, its metric takes the follow- 
ing form in Boyer-Lindquist-type coordinates [2] 



A r ( , a sin 2 6 , ,\ 2 p 2 , p 2 , „ Aa „ ( , r 2 + a 2 



ds 2 = _^L( dt _ ^l d ^ + P dr z + P d9 2 + ff* S in 2 9 ( adt 

P 2 V - J A r Ag p 2 



(2.1) 



where 



A r = (r 2 + a 2 ) (l + ^ ) - 2Mr + q 2 , q 2 = q 2 e + q 2 m , 
a 2 

A e = 1-— cos 2 ^, 



2 2,2 2 /1 

p = r + a cos 0, 

H = (2.2) 

Here l~ 2 is the normalized cosmological constant, which is positive for dS and negative 
for AdS. The above metric reduces to the one of a Kerr-Newman black hole when I' 2 = 
0, and it describes a RN-AdS-dS black hole when a = 0. The physical mass, angular 
momentum and charges of the black hole are related to the parameters M, a, g e m by 

M aM q e ^ m 

MaDM = J = Qe,m = ■ (2.3) 
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The gauge potential and its field strength are respectively 



.4 



[i] 



P 2 



dt 



adt 



r 2 + a 2 



(2.4) 



'[2] 



dt - 



a sin 2 9 . . \ q m cos 9 

-^ d v — 7- 

q e (r 2 — a 2 cos 2 9) + 2q m ra cos 9 

7 

qmij 2 — a 2 cos 2 9) — 2q e ra cos 9 

+ 7 

In the following, for simplicity, we just focus on the electrically charged black hole, 
i.e. q m = 0, q = q e . The Hawking temperature, entropy and angular velocity of the 
horizon are respectively 



a sin 9 



sin 9d9 A I adt — 



A dr 



r 2 + a 2 



dcf> . (2.5) 



T, 



H 



Sbh 



47r(r 2 _ + a 2 ) 
^(r^ + a 2 ) 



a 2 + q 2 a 2 3r 2 

1 — H 1 

r 2 I 2 I 2 



r 2 j_ + a 2 



(2.6) 



The electric potential $, measured at infinity with respect to the horizon, is 



r=r+ 



ri + a 2 



(2.7) 



where £ = d t + fiffC^ is the null generator of the horizon. 

As discussed in [23J, the scattering issue in the Kerr-AdS-dS and Kerr-Newman- 
AdS-dS black holes needs a careful treatment, because that the function A r is quartic. 
In order to find the the hidden conformal symmetry, one has to focus on the near- 
horizon region. In the near-horizon region, the function A r can be expanded to the 
quadratic order of r — r + , 



r l + a 1 ) \ 1 + — ) - 2Mr + q 



~ k(r — r + )(r — r*), 
where r + is the outer horizon, and 



k 



a 2 6r 2 



f 11 



a 2 + q 2 a 2 3r 2 
— H 1 



r 



+ 



(2.8) 

(2.9) 
(2.10) 
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For a complex massless scalar field with charge e, its dynamics is given by the 
Klein-Gordon (KG) equation 

(y il + ieA ll )(y» + ieA»)$ = 0. (2.11) 

By imposing the following ansatz 

$ = e~ iuit+im *S(9)K(r), (2.12) 

the KG equation is decoupled into an angular equation 

de{sm9AgdeS)- A V _J 2 „ «S + x S + fTS = 0, (2.13) 



sin 9 A e sin 

and a radial equation 

9 r (AM) + Kr2 + a2) ' maS - e9er] V - = 0, (2.14) 

where is the separation constant. In the near-horizon region and in the low fre- 
quency limit r + u <C 1, the radial equation could be simplified as 

d r [(r - r+)(r - n)d r K] + T+ ~ r * ATZ+ r+ ~ r * BTZ + CTZ = 0, (2.15) 

r — r + r — r* 

with 

[w(r 2 + a 2 ) — maS — eg e r + ] 2 



B = 



£; 2 (r+ — r*) 2 
[w(r 2 + a 2 ) - maE - eq e rJ 2 



k 2 (r + - r*y 



In order to study the hidden conformal symmetry, we need to introduce the fol- 
lowing conformal coordinates for non-extremal black holes: 



U+ = J 7 —^. e 2«T R 4>+2n R t 

r — r* 



r — r* 



,, = /!+ !JL e n(T L +T R )4>+(n L +n R )t ^ 

r - r* 
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from which we may define locally the vector fields 

Hi = id + , 

H = i (u + d + + ^ydy \ , 
#_x = i (oo +2 d + + u + yd y - y 2 dJ) , (2.17) 

and 

Hx = id., 

H = i \u~d- + ^yd y J , 
H-x = i (uT 2 d_ + co-yd y - y 2 d + ) . (2.18) 
These vector fields obey the SL(2, R) Lie algebra 

[H Q ,H ±1 ] = TiH±i, [H.i,H x ] = -2iH , (2.19) 
and similarly for (Hq,H±x). The quadratic Casimir is 



H 2 = H 2 = —Hq + ^(HxH-x + H-\H\) 



1 

2' 



1 (y 2 d 2 - yd v ) + y 2 d + d„. (2.20) 



4 

In terms of (i, r, 0) coordinates, the Casimir becomes 

V 2 = (r — r + )(r — r*)d 2 + (2r — r + — r*)d r 
r + - r* fn L -n R T L -T R x 2 

-OS — O t 



r-r* V 47rG 4G 
r+-r*fn L + n R T L + T R \ 2 

where G = n L T fi - 71rT l . 

By assuming q e = in (I2.15p . one can find a hidden conformal symmetry from 
the radial equation. This leads to a holographic J-picture of a Kerr-Newman-AdS-dS 
black hole, as shown in [23]. In this case, the radial equation could be written in 
terms of the SL(2, R) quadratic Casimir as 

H 2 1l(r) = H 2 TZ(r) = -CK{r). (2.22) 

with the identification 



, k(r+-n) r k(r 2 ,+r 2 + 2a 2 ) 
Ti = \ + _* J , T[ = + * ^. 2.23 

This helps us to fix the temperatures of dual CFT. 

On the other hand, in the radial equation (12. 15ft . one may set m = as well. This 
leads to another holographic description of the Kerr-Newman-AdS-dS black hole, 
which will be called Q-picture. Define an operator d x acts on the "internal space" 
of U(l) symmetry of the complex scalar field and its eigenvalue is the charge of the 
scalar field <9 X $ = irjeQ. Then the radial equation could be rewritten as 

H 2 TZ{r) = -CK(r), (2.24) 

with the SL(2, R) Casimir operator (12.211) in which the derivative is replaced by 
d x . The temperatures in the dual 2D CFT, Tl,r, and Ul,r and be identified as 

k(r + + r*) q k(r + - r*) 



4(r + r^-a 2 )' K 4(r + r* - a 2 ) ' 
j,q = ky(r 2 + + r 2 + 2a 2 ) ^ Q = kr](r 2 + - r 2 ) ^ 
L Anq e (r + r* - a 2 ) ' "' 47rg e (r + r* - a 2 ) 

It would be interesting to study the hidden conformal symmetry in the extremal 
limit. In this case, the radial equation (I2.15P reduces to 

o r (r - r + yd r TZ{r) + — TZ(r) 

k r — r + 

1 L>(r 2 + a 2 ) — maH — eo e r . I 2 . , „ . , 
+ -LA^ ( ; _ r+)2 +J U{r) + Cft(r) = 0. (2.26) 

For the extremal black hole, we should use the following conformal coordinates [25] 

u + = - (ait + 0i<f) 1 



2 \ r — r 

1 ( e 2TrT L <t>+2n L t f_ 

2 V 71 



w" = - ( e 2 ^ M - — ) , (2.27) 



' 4/ 2(r-r + ) 
Then the corresponding SL(2, R) quadratic Casimir is 

,2 n / a o \ /7i(2vrT L 9 t - 2n L <9 ) \ 2 2 lx {2nT L d t - 2n L d^ 



u 1 = d r (Ad r ) - ' ) - ,1V =p^ (ftft-aify), 

\ A(r — r + ) / A l [r — r + ) 

(2.28) 

where A = 27rT L ai — 2n L (3i and A = (r — r + ) 2 . 
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In the J-picture, we set q e = and rewrite the radial equation as 

H 2 H(r) = H 2 H(r) = -CK{r). (2.29) 

with the identification 

«f = 0, Pi = ^, T/ = ^±±^, n£ = --*-. (2.30) 
a c 47rar + 4r + 

The left-temperature T/ and n J L are consistent with the identification f |2.23|) in the 
extremal limit. In the Q-picture, we set m = and rewrite the radial equation as 

H 2 n(r) = -CR(r), (2.31) 

with the identification 

O k nO 2r + t]k 

Q _ kr + q _ V k(rl + a 2 ) 

2(ri-a 2 )' L ~ 2itq e {r\ -a 2 )' [ 6 ) 

Once again, the left-temperature T® and are both consistent with the identifica- 
tion ( I2.25P in the extremal limit. 

For a RN-AdS-dS black hole, corresponding to the limit a = 0, there is only one 
holographic description. The J-picture in such limit is actually singular. 

In the limit of vanishing cosmo logical constant, we recover both the J-picture and 
Q-picture of the asymptotically flat case, studied in [18J. 



3 Microscopic description in Q-picture 

In order to have a complete Q-picture description, we need to determine the central 
charges of the dual CFT. Let us consider the near horizon geometry of the extreme 
Kerr-Newman-AdS-dS black hole with degenerated horizon at r + = r* = r . In terms 
of the following new coordinates 

r = r + ef, t = V ° | - -, (j) = j> + Sl H t, (3.33) 

k e 

the metric becomes [121 126] 

+ -f(6)(d4> + p J fdi) 2 , (3.34) 



ds 2 = r(0) 



df 2 



-fdi 2 + ^- + a(9)d9 2 
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where 

Po , Q \ _ k (o\ _ ( r o + a 2 ) 2 A e sin 2 



m = f, «W=a-' 7(g)= vu 4 2 * , (3-35) 

and 



p 2 = r 2 + a 2 cos 2 0, P J = h Xf 2Y ^ 
The near horizon gauge field is 

Ai] = | (^^#+ r ° 2 ~^ C ° s2 ^ ) + f(0)(di + p't<ti), (3.37) 

with 

/(g) = gm(r j + Q2) cosfl. (3.38) 
"Po 

The central charges of the dual CFT could be read from the near-horizon geometry of 
the extremal black holes. It turns out that in the J-picture (q e = q m = 0, i.e. q — 0), 
the dual 2D CFT has the central charges 

c = 3p J d0v/r(0)a(0) 7 (0) = (3.39) 
Jo ^ 

For a general expression of the central charge, one should rewrite r in the notion 
of mass, i.e. (r+ + r*)/2, as it has done in the Kerr black holes. Consequently, the 
J-picture left- and right-handed central charges are 

4 = 4 = (3.40) 
It is easy to see from the Cardy formula 

^T=y(ciT/ + 4T^), (3.41) 

that the CFT entropy recovers exactly the macroscopic Bekenstein-Hawking entropy. 
This provides a primary evidence to our holographic picture. 

In order to get the central charges in Q-picture, (a = 0), we need to uplift the 
geometry to 5D. Combine the U(l) gauge bundle 



A {1] = p Q rdt + ^ cos 6d^ P Q = 7T, (3.42) 

with the geometry and write the 5D space as 

ds 2 = ds 2 BH + (dy + A {1] ) 2 , (3.43) 
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where y is the fiber coordinate with period 2ttt] and ds 2 BH is the 4D near horizon 
metric (13.340 . We can choose similar boundary conditions as in [12] 



( r 2 



f 1/f 1/f 2 
1/f 1 1/f 1 
1/f 1/f 2 1/f 
1/f 3 1/f 
1 



1 \ 



(3.44) 



in the basis of (t,(p,9,r,y). 
boundary conditions are 



The most general diffeomorphisms preserving those 



C fe) = e(y)d y -fe'(y)d,, 



(3.45) 



where e(y) = e my . The central charge can be computed from the 5D generalization 
of the treatment in [12J. It turns out that the central charges associated with is 



3p Q 



V 



d9y/T(6)a(6)i(6) 



(3.46) 



Similarly, one should rewrite r in terms of general variables, r + ,r* and a, to have 
general central charges. For the Q-picture, inspired by the results of the RN black 



hole, one should rewrite r\ in the notion of charge square, i.e. 



a 2 , which leads 



to the general expression of Q-picture left- and right-handed central charges 

q _ q _ 6g e r + r* - a 2 



In the extreme limit r_i 



r]S k 
r*, we have 
2 r 2 (l + 3r 2 // 2 )- 



(3.47) 



r 2 // 2 



(3.48) 



Taking a — > 0, we see that the central charge ( I3.46P recover precisely the one of the 
extreme Reissner-Nordstrom-AdS-dS black holes [12J, 



c -)■ 



6g e r 2 



(3.49) 



where 



f 2 -> 



r 2 (l-r 2 // 2 



l + 6r 2 // 2 -3r^/Z 4 -g 2 // 2 ' ^' 5 °^ 

We conclude that in the Q-picture, the Kerr-Newman-AdS-dS black hole is described 
by a dual 2D CFT with the central charges (13.461) and temperatures (12.251) . 
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3.1 Thermodynamics 

One can check that in the Q-picture the Bekenstein-Hawking entropy of a Kerr- 
Newman-AdS-dS black hole could be reproduced through the Cardy formula us- 
ing f l^25|) and (ETlBjl 

S B h = = -^{clT l + c R T R ) = Soft- (3.51) 

This provides a nontrivial check for our suggestion. 
From the first law of thermodynamics 

c q 5M-n H 5J-<S> e 5g 5E L 5E R 

OdBH = 7f = "ST" + ~7^, (3-52) 

J-H J-L J-R 

we always have 

SE L = oj l - q L /j, L , SE R = oj r - q R fiR, (3.53) 

in both pictures. But the identifications are quite different. The derivations corre- 
spond to the parameters of probe scalar field by 5M — oo, 5 J = m, 5Q = e. In the 
J-picture, we have 

r 2 +r 2 + 2a 2 r 2 +r 2 + 2a 2 

u T = — oo, oo R = — oo — m, 

d = Qr = SQ = e, 

_ q(rl + rj + 2a 2 ) _ q(r + + rj 

2a,=,(r + + r*) 2a=, 

While in the Q-picture we have 



q _ r/(r + + r,)(r 2 _ + r 2 + 2a 2 ) 
" i 2g e (r + r* - a 2 ) 



V(r+ + r m ) (r 2 + r 2 + 2a 2 ) t]aE(r + + r*) 



00 p, = rr 00 

2fl e (r + r* - a 1 ) q e {r+r* - a 2 ) 

_ v (rl + r 2 + 2a 2 ) q _ 7y(r + + r,) 2 

2(r + r*-a 2 ) ' ^ " 2(r + r, - a 2 ) " ^ 

In the limit of vanishing cosmological constant, these quantities reduce to the ones 
found in [TBI. 



3.2 Superradiant scattering 

In a 2D conformal field theory, one can define the two-point function 

G(t+ r) = (Ol(t+ r)O^(O)), (3.56) 
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where t + ,t~ are the left and right moving coordinates of 2D worldsheet and 0<f, is 
the operator corresponding to the field perturbing the black hole. For an operator of 
dimensions (hi, h R ), charges (qi, qn) at temperatures (Tl, T r ) and chemical potentials 
(^l^r), the two-point function is dictated by conformal invariance and takes the 
form |27j : 

, (_l)hL+h R ( 7{Tl \ L ( nTR \ R Jq L tiLt + +iq R mt- 

y 1 Vsinh(7rT L t+)y \smh{irT R t-) / 



G(t+,r 



(3.57) 

The retarded correlator G r (ul,oj r ) is analytic on the upper half complex w^-plane 
and its value along the positive imaginary cj^-axis gives the Euclidean correlator: 

G e (^l,e,^r,e) = G R (iu L , E ,iojR,E), ul,e, ur,e > 0. (3.58) 

At finite temperature, ujl,e and cor,e take discrete values of the Matsubara frequencies 

Wl,e = 2nm L T L , u R , E = 2-nm R T R , (3.59) 

where mL,m R are integers for bosonic modes and are half integers for fermionic 
modes. 

In a 2D CFT, the Euclidean correlator Ge is obtained by a Wick rotation t + — > ir^, 
t~ — > ir R , and is determined by the conformal symmetry. At finite temperature the 
Euclidean time is taken to have period 27t/Tl,27t/T r and via analytic continuation 
the momentum space Euclidean correlator is given by [28] 

Ge{vl,e,vr,e) ~ T L L T R e 2T l e 2T « T [ h L + — — T [ h 2 



where 



2nTr, V 2nT T 



U L ,E = ^L,E ~ HlPL, ^R,E = UR,E ~ iqRl^R- (3.61) 

Since the function A r is quartic, the radial equation for generic black hole is in- 
tractable. In the study of the hidden conformal symmetry, we focus on the near 
horizon region. However, when we try to discuss the scattering issue and move away 
from the horizon, the expansion of A r to the second order of (r — r+) breaks down. 
Therefore in general, we cannot use the radial equation (I2.15P to discuss the scattering 
process, even though it provides useful information on dual CFTs. Nevertheless, for 
near-extremal Kerr-Newman-AdS-dS black hole, we may pose a well-defined scatter- 
ing problem. To this end, we need to zoom in the near-horizon region and introduce 
the coordinates (I3.33j) to describe the geometry. In this case, we have to focus on the 
frequencies near the superradiant bound u s , 

uj = uj s + Cj — , u s = mVt H + e$ e , (3.62) 

TO 
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where and $ e are the horizon angular velocity and the electric potential given 
in (12.61) and ( 12. 7ft respectively. 

The wave function of the radial equation is then 



K(z) = z a {l -z) p F{a,b,c;z), (3.63) 



with z = +4 and 

r+A 



a = -iA, (3 = -[l-\/l-4:C), (3.64) 



2 

c=l + 2a, a = a + /3 + iB, b = a + (3 -iB, (3.65) 



u ~ u 2mVL H r + eqr\-a 2 , 

A = Yy B= 2\-— c = c ^)- ( 3 - 66 ) 



The solution behaves asymptotically as 

K{r) ~ A^^ 1 + A 2 r~' 1 , (3.67) 
where /i is the conformal weight of the scalar field 



h= 1-/3 = ^ fl + ^l -4(7) . (3.68) 

Taken Ai as the source and A 2 as the response, the retarded Green's function is 
just [22] 

r M 

~ aT 

r(i-2/») r(fc-»(i-£))r(fc-i(i + B)) 
r(2/z - 1) r ft _ h _ ^ _ \ r _ h _ + fy\ 

(3.69) 



r(2/i - 1) r - /i - i '^^A r(i-h 



2-kTr 



In the last line, we have applied the identification f!2.23|) and ( I3.54p in J-picture and 
the identification (12.251) and (I3.55P in Q-picture. We see that in both pictures, the 
real-time correlator (I3.69P is in perfect match with the CFT prediction. So is the 
absorption cross section. 

Note that in two different pictures, though the retarded Green's functions share 
the same expression (I3.69p . the temperatures, chemical potentials and frequencies 
are different. However the conformal weights are the same, reflecting the fact the 
conformal weight is closely related to the asymptotical behavior. 
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4 Discussions 



In this paper, we showed that there are two different holographic descriptions of a 
generic non-extremal Kerr-Newman-AdS-dS black hole. One is called J-picture, whose 
construction is based on the black hole angular momentum. The other one is called 
Q-picture, whose construction originate from the electric charge of the black hole. In 
these two different pictures, neither the central charges nor the temperatures of the 
dual CFTs is the same. In particular, in the Q-picture, the central charges and the 
temperatures are parameterized by a varying constant rj, sharing the same feature in 
the holographic descriptions of RN and Kerr-RN black holes. As a byproduct of our 
analysis, we showed that there exists only one holographic description for a generic 
nonextremal RN-AdS-dS black hole. 

The discussion in this paper could be generalized easily in several directions. It 
is straightforward to consider a dyonic Kerr-Newman-AdS-dS black hole. Also the 
analysis could be applied to the higher dimensional Kerr-AdS-dS black holes and 
multi-charged black holes, both of which are expect to have multiple holographic 
descriptions. Moreover, the existence of multiple dual pictures leads to a natural 
believe that there should exist a certain duality among those different pictures. It is 
desirable to clarify this important issue. 

Very recently it was pointed out in [29J that the existence of different holographic 
dual descriptions of 5D Kerr-Newman black hole is related to the long and short 
string pictures. It would be interesting to see if there exist similar pictures in our 
case. 
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